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(57) ABSTRACT 

A combination nano and microparticle treatment for engines 
enhances fuel ef?ciency and life duration and reduces exhaust 
emissions. The nanoparticles are chosen from a class of hard 
materials, preferably alumina, silica, ceria, titania, diamond, 
cubic boron nitride, and molybdenum oxide. The micropar 
ticles are chosen from a class of materials of layered struc 
tures, preferably graphite, hexagonal boron nitride, magne 
sium silicates (talc) and molybdenum disulphide. The nano 
micro combination can be chosen from the same materials. 
This group of materials includes Zinc oxide, copper oxide, 
molybdenum oxide, graphite, talc, and hexagonal boron 
nitride. The ratio of nano to micro in the proposed combina 
tion varies With the engine characteristics and driving condi 
tions. A laser synthesis method can be used to disperse nano 
particles in engine oil or other compatible medium. The nano 
and microparticle combination When used in engine oil can 
effect surface morphology changes such as smoothening and 
polishing of engine Wear surfaces, improvement in coef?cient 
of friction, and fuel ef?ciency enhancement up to 35% in a 
variety of vehicles (cars and trucks) under actual road condi 
tions, and reduction in exhaust emissions up to 90%. 

15 Claims, 16 Drawing Sheets 
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LUBRICANT HAVING NANOPARTICLES 
AND MICROPARTICLES TO ENHANCE 
FUEL EFFICIENCY, AND A LASER 
SYNTHESIS METHOD TO CREATE 
DISPERSED NANOPARTICLES 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims priority to US. Patent Provisional 
Application No. 60/955,348, ?led Aug. 11, 2007, Which is 
incorporated herein by reference in its entirety. 

SUMMARY 

As disclosed herein, a combination of nano and micropar 
ticle treatment for engines enhances fuel ef?ciency and life 
duration and reduces exhaust emission. The nanoparticles are 
chosen from a class of hard materials, preferably alumina, 
silica, ceria, titania, diamond, cubic boron nitride, and molyb 
denum oxide. The microparticles are chosen from a class of 
materials of layered structures, preferably graphite, hexago 
nal boron nitride, magnesium silicates (talc) and molybde 
num disulphide. The nano-micro combination can be chosen 
from the same materials. This group of materials includes 
Zinc oxide, copper oxide, molybdenum oxide, graphite, talc, 
and hexagonal boron nitride. The ratio of nano to micro in the 
proposed combination varies With the engine characteristics 
and driving conditions. Further disclosed herein is a laser 
synthesis method for nanoparticles, Where particles are 
already dispersed in the engine oil and in other compatible 
mediums. Using the nano and microparticle combinations in 
engine oil it is possible to effect surface morphology changes 
such as smoothening and polishing of engine Wear surfaces to 
thereby loWer coe?icient of friction and improve fuel e?i 
ciency up to 35% in a variety of vehicles (cars and trucks) 
under actual road conditions, With reduction in exhaust emis 
sions up to 90%. 
A lubricant such as engine oil comprises hard nanopar 

ticles Whichbecome embedded in lubricated surfaces and soft 
layered microparticles Which ?ll voids in the lubricated sur 
faces. 
A method of reducing friction of Wear surfaces comprises 

lubricating the Wear surfaces With lubricant containing hard 
nanoparticles and soft layered microparticles Wherein the 
nanoparticles are effective to polish the Wear surfaces With at 
least some of the nanoparticles becoming embedded in the 
Wear surfaces and the layered microparticles being effective 
to buildup in voids (pits and grooves) in the Wear surfaces. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1. is a schematic of a pulsed laser synthesis method for 
producing nanoparticles Which are dispersed directly into oil 
Wherein one or more gases can be introduced through a noZZle 
to control the chemical composition and/or coating of nano 
particles. 

FIGS. 2(a), (b), and 2(0) are photomicrographs of ZnO 
nanoparticles produced by ablation of a Zinc target in oxygen 
ambient (average siZe 30 nm) and dispersed in mineral oil. 

FIGS. 3 (a) and (b) are photomicrographs of CuO nano 
particles produced by ablation of a copper target in oxygen 
ambient, and dispersed in the mineral oil. 

FIG. 4 is a photomicrograph of h-BN nanoparticles and 
microparticles dispersed in SW30 motor oil. 

FIG. 5 is a photomicrograph of graphite nanoparticles and 
microparticles dispersed in SW30 motor oil. 
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2 
FIG. 6 is a photomicrograph of alumina nanoparticles dis 

persed in 5W30 motor oil. 
FIG. 7 is a photomicrograph of silica nanoparticles dis 

persed in 5W30 motor oil. 
FIG. 8 is a photomicrograph of MoS2 (molybdenum disul 

phide) microparticles dispersed in 5W30 motor oil. 
FIG. 9 is a photomicrograph of talc nano microparticles 

dispersed in 5W30 motor oil. 
FIG. 10 is a photomicrograph of TiO2 nanoparticles dis 

persed in 5W30 motor oil. 
FIG. 11 is a photomicrograph of CeO2 nanoparticles dis 

persed in 5W30 motor oil. 
FIGS. 12 (a)-(c) shoW photomicrographs Wherein FIG. 

12(a) shoWs a metal surface at loW magni?cation after surface 
treatment/polishing by graphite microparticles and ?lling in 
of surface grooves; FIG. 12(b) shoWs the surface at medium 
magni?cation after further polishing and coverage by graph 
ite nano and microparticles; and FIG. 12(c) shoWs the surface 
at high magni?cation after embedding of nanoparticles of 
graphite due to conversion of graphite microparticles into 
nanoparticles. 

FIGS. 13 (a)-(c) are photomicrographs Wherein FIG. 13(a) 
shoWs a metal surface at loW magni?cation after surface 
treatment/polishing of an aluminum alloy by nano alumina 
and micro graphite and ?lling in of surface grooves; FIG. 
13(b) shoWs the surface at medium magni?cation after further 
polishing and coverage by alumina nano and graphite micro 
particles; and FIG. 13(c) shoWs the surface after embedding 
of nanoparticles of alumina and conversion of graphite micro 
particles into nanoparticles. 

FIGS. 14 (a)-(b) are scanning electron micrographs shoW 
ing polishing of an aluminum alloy and embedding by nano 
alumina and micro graphite; FIG. 14(a) shoWing embedding 
and ?lling in of surface roughness; FIG. 14(b) shoWing 
mostly embedding of alumina and graphite nanoparticles into 
the aluminum alloy metallic surface; and FIG. 14(c) is an 
X-ray chemical analysis shoWing no other surface contami 
nation. 

FIGS. 15 (a)-(c) are photomicrographs Wherein FIG. 15(a) 
shoWs a cast iron metal surface at loW magni?cation after 
surface treatment/polishing by nano alumina and micro 
graphite and ?lling in of surface grooves; FIG. 15(b) shoWs 
the surface at high magni?cation after further polishing and 
coverage by alumina nano and graphite microparticles; and 
FIG. 15(c) shoWs the surface at high magni?cation after 
embedding of nanoparticles of alumina and graphite shoWing 
conversion of graphite microparticles into nanoparticles. 

FIG. 16 is a transmission electron micrograph shoWing Ni 
nanoparticles embedded into an MgO matrix to improve 
mechanical properties. 

DETAILED DESCRIPTION 

Described herein is a novel concept into oil additives, 
Where a combination of nanoparticles and microparticles are 
added into oil to smoothen and polish metallic surfaces and 
embed nanoparticles in the near surface regions, thereby 
reducing friction and Wear. The additives may be in the form 
of nanoparticles (2100 nm) and microparticles (2100 nm), 
nanorods, nanotubes, nanobelts, and buckyballs. The nano 
particles in the siZe range (5-100 nm) reduce Wear and friction 
by polishing, grinding and embedding into the metallic sub 
strates. Microparticles (100 nm-20,000 nm), on the other 
hand, reduce friction by layering at the Wear interfaces. The 
nanoparticles and microparticles can also improve physical 
properties such as electrical and thermal conductivity and 
breakdown characteristics of the oil. The nanoparticles are 
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chosen from a class of hard materials, preferably alumina, 
silica, ceria, titania, diamond, cubic boron nitride, and molyb 
denum oxide. The microparticles are chosen from a class of 
materials of layered structures, preferably graphite, hexago 
nal boron nitride, magnesium silicates (talc) and molybde 
num disulphide. The nano-micro combination can be chosen 
from the same materials. This group of materials includes 
Zinc oxide, copper oxide, molybdenum oxide, graphite, talc, 
and hexagonal boron nitride. The relative fraction of nano 
particles to microparticles may vary from 10 to 80%, depend 
ing upon the characteristics of the Wear surfaces. For neWer 
engines, a higher fraction of nanoparticles is preferred While 
for older engines (e.g., 50,000 miles and higher), a higher 
fraction of microparticles is preferred. For engine applica 
tions, these additives are expected to eliminate environmental 
toxic effects associated With current oil additive formulations 
based upon Zinc dialkyl dithiophosphate (ZDDP). 

Also described herein is the formation of nanoparticles of 
various compositions by a novel laser synthesis method. By 
using this method, nanoparticles of desired chemical compo 
sition and narroW-siZe distribution are formed and dispersed 
directly into a desired medium such as an oil lubricant, thus 
solving a critical agglomeration problem associated With 
nanoparticles. Microparticles are added into the engine oil, in 
Which nanoparticles are already dispersed, in a certain con 
centration and a siZe range to improve fuel e?iciency and life 
duration. The siZe of microparticles is beloW the pore siZe of 
the oil ?lter to avoid clogging of the ?lters. This treatment 
results in surface smoothening and polishing, and embedding 
of particles to reduce friction and Wear of the metallic engine 
surfaces. These additives lead to improvement in fuel e?i 
ciency as much as 35% in gasoline engines and further 
improvements in fuel ef?ciency are expected With optimiZa 
tion. These additives are also expected to reduce Wear and 
improve life of other engines. These materials can be also 
dispersed in a base such as mineral oil, synthetic oil such as 
polyole?n, and polymers in a concentration of 1 -10% With an 
overall ?nal concentration of about 0.02 to 0.2% in the engine 
oil. To improve dispersion further certain surfactants may be 
added. Preliminary results have shoWn a considerable reduc 
tion of coe?icient friction from a typical value of 0.22 to 0.01. 
Road tests combining city and highWay driving shoWed an 
improvement form 22 mpg to 30 mpg after addition of an oil 
additive containing nanosilica, nanoalumina and micro 
graphite in a Toyota passenger car Which amounts to over 
35:3% improvement in the fuel e?iciency. Similar results on 
high fuel ef?ciency have been obtained in Volkswagen cars 
and Ford (F-150) trucks. Reduction in exhaust emissions of 
carbon dioxide and carbon monoxide of at least 10%, at least 
20%, at least 30%, at least 40%, at least 50% and up to 90% 
can be achieved after the nano and microparticle treatments of 
this invention. 

The nanoparticles include alumina, silica, ceria, titania, 
diamond, cubic boron nitride, and molybdenum oxide, Which 
can be embedded into cast iron, aluminum and its alloys to 
increase hardness and thereby reduce friction and Wear. The 
nanoparticles can be dispersed into the engine oil during 
pulsed laser ablation synthesis. Nanoparticles can also be 
synthesiZed by other physical and chemical vapor deposition 
methods and dispersed into the engine oil With a concentra 
tion, in Weight % (Wt. %) of 1.0 to 10.0%. Microparticles in 
the siZe range beloW the pore siZe of the oil ?lter are dispersed 
into the engine oil With a concentration of 1.0 to 10.0% Wt. 
The microparticles are chosen from a class of materials of 
layered structures, preferably graphite, hexagonal boron 
nitride, magnesium silicates (talc) and molybdenum disul 
phide. As an example, about 50 mL of nanoparticle formula 
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4 
tion and 50 mL of microparticle formulation can be added in 
one treatment of 5 quarts of engine oil, typically loW viscosity 
0W20, SW20, SW30 engine oil. 

There are three distinct regimes depending upon relative 
siZes of oil ?lm thickness and nanoparticles Which affect 
friction Wear and lubrication. If the oil ?lm thickness to is 
greater than the particle siZe d”, the nanoparticles Will not be 
as effective in changing the friction characteristics. This is 
knoWn as the hydrodynamic regime. If to tozdn, the friction 
Will be reduced by riding on the nanoparticles and reducing 
the contact area. If the contact area stays ?xed, then this 
situation can lead to load independent friction. This is knoWn 
as the mixed regime. When t0<dn, oil thickness is less than the 
siZe of the nanoparticles. In this case, the nanoparticles play a 
critical role in altering the friction and Wear. In this case, 
nanoparticles are embedded into the surface, thereby harden 
ing the surface and reducing the coe?icient of friction. Also, 
sliding on the surfaces of nanoparticles Will be very effective 
in altering the interfacial friction. This is knoWn as the bound 
ary layer regime. 
The relative contribution of nanoparticles and micropar 

ticles under boundary lubrication, mixed, and hydrodynamic 
or rolling conditions is addressed as folloWs. For nanopar 
ticles, under boundary lubrication conditions, there Will be 
polishing and smoothening out of the surface, in addition to 
the near surface plastic damage Which Will harden the surface. 
All of these effects Will reduce friction and Wear. Under 
mixed lubrication conditions, there Will be less polishing and 
smoothening out of the interior surfaces of an engine. Under 
hydrodynamic lubrication conditions, nanoparticles Will not 
be as effective because boundary layer is much thicker than 
their size. For microparticles, under boundary lubrication 
conditions, there Will be polishing and smoothening out of the 
surface, Which Will reduce friction and Wear. Under mixed 
lubrication conditions, there Will still be polishing and 
smoothening out of the interior surfaces. Under hydrody 
namic lubrication conditions, microparticles may be effective 
depending upon the relative thickness of the boundary layer 
and the siZe of the microparticles. 

With respect to engine oil treatment, under boundary lubri 
cation, there is ?ne polishing and some embedding of nano 
particles Which can lead to Work hardening, and under mixed 
and hydrodynamic lubrication, there is very limited polishing 
and Work hardening. Regarding microparticles, under bound 
ary lubrication, there is very limited Work hardening, and 
friction reduction is obtained by riding the layered platelets of 
microparticles in mixed as Well as hydrodynamic conditions. 
Under high-viscosity or loW-temperature operating condi 

tions, if the boundary layer is thicker than the particle siZe, the 
treatment Will not be effective. Thus, nanoparticles dispersed 
in loW-viscosity (preferably 0W20, SW20, SW30) oils are 
found to be more effective, and effectiveness Will increase 
With increasing temperature. As temperature increases, 
microparticles Will take part ?rst in smoothening the surface 
by ?lling the voids (pits and grooves) such as undulations and 
by providing smooth layered structures. As the boundary 
layer thickness decreases and boundary lubrication sets in, 
nanoparticles can reduce friction and Wear by embedding and 
Work hardening the Wear surface regions. 
The nanomaterials used in the oil additive are preferably 

synthesiZed by a pulsed laser processing method, Which 
results in dispersed nanoparticles in any suitable medium 
such as mineral oil, engine oil, synthetic oil such as polyal 
phaole?n (PAO), and other hydrocarbons. 

FIG. 1 shoWs a schematic of the laser processing chamber, 
Where a high-poWer pulsed laser is used to ablate either a 
metallic or a compound target in a controlled ambient. Vari 








